The microbial oxidation of sugars and their derivatives by the acetic acid bacteria (1) Acetobacter suboxydans has been studied extensively. In the pH range of 5 to 6.5, the oxidative specificity towards alditols has been formulated as the Bertrand-Hudson rule (5); thus, a polyhydric alcohol containing the structural unit ( Fig. 1, 1 ) is oxidized mainly to afford the ketose ( Fig. 1, 2 ). The dehydrogenase that catalyzes these oxidations is located on the cytoplasmic membrane (8) and has not been solubilized in an active form (7) .
Recently, immobilized microbial cells have been utilized for the production of -aspartic acid and related compounds (4) . During the course of some studies on the oxidation of sugar derivatives by A. suboxydans, we investigated the possibility of immobilization of the intact cells; the results of preliminary experiments are presented in this publication.
A. suboxydans (ATCC 621H) was grown in flasks containing D-sorbitol H2O (2 g ), D-glucose (0.05 g), KH2PO4 (0.05 g), yeast extract powder (Difco) (0.5 g), and tap water (100 ml). , and L-erythropentulose, respectively). The oxidations were monitored by paper chromatography (see Table  1 ); the compounds were detected by spraying the chromatograms with aqueous NaIO4, AgNO3, and NaOH solutions (10) . The diethyl dithioacetals used were those of D-glucose, Dgalactose, D-mannose, and D-arabinose (in liveculture systems, the oxidation occurred at C-5, C-5, C-5, and C-4, respectively). The dithioacetal oxidations were monitored by thin-layer chromatography using Silica Gel G (see Table  2 ); the compounds were detected by heating the plates at -150°C after they had been sprayed with 10% aqueous sulfuric acid containing 1% cerium sulfate and 1.5% molybdic acid.
Polyacrylamide-immobilized cells were prepared in the following manner. Stock solutions of acrylamide (30 g of acrylamide and 0.75 g of N,N'-methylenebisacrylamide in 100 ml of distilled water) and TEMED (1.25 ml of N,N,N',N'-tetramethylethylenediamine in 50 ml of distilled water) were stored at 5°C. Ammonium persulfate solutions (0.5 g in 10 ml of distilled water) were prepared fresh daily. To an A. suboxydans broth (25 ml, grown for 48 to 72 h) was added stock acrylamide (9.1 ml), and the mixture was degassed for 1 h. Stock TEMED (0.75 ml) and ammonium persulfate (1.4 ml) were added; after 2 h, the solid gel was macerated and thoroughly washed. The washed gels were suspended in an aqueous solution of alditol (50 ml), and the reaction flasks were agitated. The oxidation of solutions ofD-sorbitol (5%) and ribitol (2%) were complete within 120 and 110 h, respectively (30 h for proliferating cultures), and showed the formation of single products having the same Rf values as the products from the corresponding live-culture systems. The oxidation of D-mannitol by growing cultures was complete within 12 h and afforded only a single product (D-fructose). However, when immobilized cells were used, the substrate was consumed within 34 h, but, in addition to D-fructose, another compound was produced having Rf 0.14. After a reaction time of 2 weeks, this compound was the major component, and only traces of D-fructose and of a third component (Rf 0.11) were present; with a growing culture, only a trace of the compound having Rf 0.14 could be detected after 2 weeks. This compound may be D-threo-2,5-hexodiulose, which has been reported (2, 6) to be formed by further microbial oxidation of D-fructose.
Glutaraldehyde-immobilized cells were prepared in the following manner. The cells from an A. suboxydans broth (100 ml) were collected by centrifugation and suspended in distilled water (50 ml); aqueous glutaraldehyde (2.5% [wt/vol], 8 ml) was added, and the suspension was shaken overnight. The immobilized cells were collected and washed; the cells were then suspended in an alditol solution (50 ml), and the reaction flask was agitated. The oxidations of solutions of D-sorbitol (2%), D-mannitol (4%), and ribitol (4%) were complete within 90, 95, and 60 h, respectively, and showed the formation of single products having the same Rf values as those of the ketoses from the corresponding growing-culture systems.
The effect of glutaraldehyde concentration on the activity of the cells was investigated. The cells from identical A. suboxydans broths (100 ml) were suspended in aqueous solutions of glutaraldehyde (50 ml) of various concentrations. The cells were then isolated and suspended in D-sorbitol solutions (2%, 100 ml); the time for complete oxidation was determined, and the results are shown in ing that some modification of cell structure had indeed occurred. The glutaraldehyde had probably simply cross-linked residues within the cell membrane of individual cells.
Despite the lack of intercellular cross-linking, the glutaraldehyde-modified cells were used in further experiments. The observed (9) incomplete oxidation of aldose diethyl dithioacetals by live cultures prompted an investigation in the present work of their oxidation by free cells and by glutaraldehyde-modified cells; the results are shown in Table 2 .
In summary, A. suboxydans cells have been successfully immobilized in polyacrylamide gels, whereas treatment with glutaraldehyde did not result in intercellular cross-linking. However, cells from both procedures retained the capacity to oxidize alditols, and the quantitative oxidation of some aldose diethyl dithioacetals was found to be possible with both free cells and glutaraldehyde-modified cells. These conversions are evidently carried out by nonproliferating cells, since both types of modified cells were thoroughly washed and A. suboxydans cannot grow in distilled water plus an alditol. Moreover, glutaraldehyde is a highly effective bactericidal agent.
